Primary pulmonary sarcomas of the lung are rare tumors with a low incidence. We reviewed the literature and analyzed 5 patients retrospectively. All clinical datas and therapeutic protocols were recorded. The required surgical procedure was lobectomy in 4 patients and diagnostic broncoscopy and mediastinoscopy in one patient. At histological examination; 2 carcinosarcoma, 1 undifferentiated pleomorphic sarcoma, 1 leiomyosarcoma and 1 synovial sarcoma diagnosed. Primary sarcomas of the lung cannot be differentieted from more common tumors of the lung tumors clinically. Early diagnosis and complete surgical resection is critical for prognosis.
Introduction
Primary pulmonary sarcomas of the lung are very rare malignant tumors of the lung [1] . The incidence of this tumor is very low. They account less then 0.5% of all lung tumors and whe have very limited knowledge about the clinical behaviour and futures when compared to the other lung tumors [2] .
Differantial diagnosis is critical for treatment. Additional histopathological and immunhistochemistery (IHC) examination could be required for a definitive diagnosis [1, 2] .
Surgical management consists radical resection with pathological free margins is still the gold standart for the treatment. Postoperatively chemotherapy and/or radiotherapy is often advised. However, a standart therapy protocol is not clear for the patients having primary pulmonary sarcoma of the lung [1, 2] .
We retrospectively analyzed 5 patients with primary sarcoma of the lung managed in our department during a 5-year-period in a single instution and reviewed the international medical literature.
Cases Reports
Records of 5 patients diagnosed with primary pulmonary sarcoma of the lung between 2014 and 2018 in our department were reviewed. Demographic data, past medical and familial history, and all clinical symptoms were noted. Chest films, computed tomography (CT) and positron-emission tomography (PET) scans were examined for the tumor location, tumor size, invasion, metastasis and maximum standart uptake value (SUVmax). Therapeutic protocols of surgery, chemotherapy and/or radiotherapy were also recorded. Pathological slides were examined by the same pathologist, experienced in the lung tumors. Electron microscopy and IHC were also performed. The mean diameter of the tumor, invasion (lymph nodes, pleura, diaphragma, muscle, chest wall, etc.), surgical margins and pathologic diagnosis were recorded. Follow-up period of the patients after surgery were listed. Detailed clinical and evaluative features of all patients are given at table 1. 
Case 1
A 58-year-old man with severe right lateral chest pain was admitted to our clinic. He was a heavy smoker and his medical history is nonspesific. Blood chemistry and hematological examinations were normal. A chest Xray and CT showed a 7.5 cm solid lesion at right upper lobe. At PET/CT scan, SUV-max of the mass was 9.2 g/ml and there were no lymph node invasion or distant metastasis. The patient was operated and right upper lobectomy and mediastinal lymph node disection was performed. At pathological and IHC examination carcinosarcoma diagnosed, the mean diamater of tumor was 7.5x7x5.5 cm, and there were no lymph node or pleura invasion with free margins. After the surgical procedure patient has received chemotherapy and radiotherapy. He is still alive and follow up from 52 months without recurrence and metastasis.
Case 2
A 65-year-old man previously healthy man admitted to our clinic for a 2 cm lesion of left upper lob. The patient was asymptomatic and the mass was diagnosed incidentally during a check up. CT and PET/CT revealed a 2 cm peripheral cavitary lesion at the left upper lobe (SUVmax 11 g/ml). A left upper lobectomy was performed, at pathological and IHC examination, undifferentiated pleomorphic sarcoma was diagnosed. Diameter of tumor was 2.1 cm and there were no lymph node invasion. Chemotherapy and/or radiotherapy was not performed after the surgery. The patient is free of disease and followed up for 33 months.
Case 3
A 52-year-old women presented with dyspnea and hemoptysis for 2 months. She also had a history of hyperthyroidism and underwent a radioactive iodine treatment 7 years previously. She is also a heavy smoker. CT and PET/CT showed a 4 cm lesion at the left lower lobe (SUV-max 9.2 g/ml) with a suspicious diaphragma invasion. Left lower lobectomy performed with partial diaphragma resection. Pathological specimen was leiomyosarcoma grade-1, with pleura invasion, lymph nodes and diaphragmatic margins were tumor negative. Patient had received chemotherapy and radiotherapy, but she died after19 months due to the progression of the tumor.
Case 4
A 70-year-old man admitted to our clinic with hoarseness and chest pain. He was a heavy smoker and had a history of asbestosis. He had a family history of lung cancer. CT and PET/CT scans revealed a lesion at right vocal cord (SUV-max 7.1 g/ml), left intraclavicular and mediastinal multipl lymph nodes (SUV-max 14.5-22.3 mg/dl) and a 4.1 cm solid lesion of left upper lobe (SUV-max 18.9 g/ ml). Endobronchial ultrasound could not be performed because the patient did not accept any approach with local anesthesia or sedation. Broncoscopy was performed under general anesthesia and carcinosarcoma was diagnosed. He received chemotherapy and radiotherapy but died 2 months later with progression of the tumor.
Case 5
A 51-year-old women presented with a left lateral chest pain. She had a past medical history of tumor resection from her leg and received radiotherapy 30 years previously with the diagnosis of fibrosarcoma. She also had a family history of liver carcinoma, larynx carcinoma and lymphoma. At CT and PET/CT scans a 6.9x4.7 cm lesion (SUV-max 9mg/dl) at the left lower lobe was found ( Figure 1 ). Left lower lobectomy with partial diaphragma resection was performed. Pathological specimen was synovial sarcoma with pleural and muscular invasion. There were no lymph node invasion and free margins of tumor. She was operated 1 month ago, chemotherapy and radiotherapy will be planned. 
Discussion
Sarcomas are uncommon primary malignant tumors of the lung and account for less than 0.5% of the cancers of the lung so we have only a little experience about these tumors [2] . Cameron found only nine patients in a series of 6000 primary lung neoplasms (0.15%) in 1975, and Miller found only 30 out of 10134 lung neoplasms (0.3%) [2, 3] .
Detailed IHC studies began after 1985 and then allowed a better classification of sarcomas, based on the predominant histological pattern of growth and cytological composition [1] . In the lung, primitive mesenchymal cells may arise from the stromal elements of the parenchyma like bronchial or vascular wall. They usually expand towards the parenchyma [4] .
Parenchymal and endobronchial sarcomas include; fibrosarcoma, leiomyosarcoma, rhabdomyosarcoma,
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Primary sarcomas of the lung hemangiopericytoma, osteosarcoma, myxosarcoma, spindle cell sarcoma, angiosarcoma, malignant fibrous histiocytoma, malignant schwannoma, malignant mesenchymoma, undifferentiated sarcoma, pulmonary blastoma, neurogenic sarcoma, chondrosarcoma, synovial sarcoma and liposarcoma [1] . The most common types are leiomyosarcomas, fibrosarcomas and hemangiopericytomas. In this study, carcinosarcoma was the most common type.
Incidence of primary pulmonary sarcomas are equal in males and females, and can occur at any age with a range of 4 to 83 years showing a slight predominance at middle ages [1, 2] . In this study, there are 3 male and 2 female patients between 51-70 years age.
Most of the patients are asymptomatic and the mass is incidentally diagnosed [1] . Only one patient in this series is asymptomatic who had a small tumor size (2.1 cm). Other patients having tumors of 4 to 7.5 cm had symptoms such as dyspnea, hoarseness, hemoptysis and chest pain. Fever, fatigue, anorexia and weight loss are later symptoms. Presenting symptoms are similiar to those of bronchogenic carcinoma. On radiographs the tumor is usually presented as a large peripheral well-circumscribed solitary mass and vary in diameter from 1 to 15 cm. In this series, it varied from 2.1 to 7.5 cm [1] .
Thorax CT scan is an important diagnostic tool as the tumor often invades pleura, pericardium, vessels and chest wall [5] . Two patients in this series had diaphragmatic invasion, they were diagnosed as leiomyosarcoma and synovial sarcoma. The tumors were 4 and 6.9 cm, and left lower lobectomy performed for both of them with an additional partial diaphragma resection.
Differential diagnosis of primary lung sarcoma is critical for the treatment. The gross presentation of these tumors does not differ significally from the more common tumors of the lung and from the metastatic sarcomas. Detailed clinical history, presence of past soft tissue neoplasms, previous radiation exposure is critical for distinction of these tumors. The tumors should be diagnosed with histological methods and molecular techniques immediately after other alternative diagnosis were excluded. Small biopsy samples might be very challenging so wide resection materials are better for diagnosis. Treatment and prognosis differs from the other soft tissue sarcomas and bronchogenic carcinomas [2, 6] .
Complete surgical resection with lobectomy, pneumonectomy or segmentectomy with pathological free margins is the best option for treatment [4] . We performed 4 lobectomy in 5 patients. In most of the series in the literature, a high percentage of large tumors were reported and resections are extended to the chest wall, diaphragm, superior vena cava or auricle. Two patients in this series diaphragmatic resection was performed. Porte reported extended resections at 6 out of 18 patients and Bacha at 6 out of 19 patients. [4] . Mediastinal lymph node dissection was performed in all patients. Primary lung sarcomas rarely disseminate to lymph nodes. Regnard et al. found N2 involvement in 2 out of 20, and N1 involvement in three patients [4] . Mediastinal lymph node dissection were routinly performed at our clinic and we did not see any lymph node invasion except the patient that was diagnosed at the terminal stage.
Positive resection margins are related poor prognosis. Bacha reported 6 patients out of 20 had positive resection margins [4] . Large tumor size is also a poor prognostic factor. According to Nascimento et al. 5 cm and Jansen et al. 4 cm tumor size indicated a poor prognosis [4] . In the series of MacCormack and Martini, and Burt and Zakowski a tumor diameter of 5 cm or less is related better prognosis. However Regnard and Bacha did not find that tumor size a prognostic factor [4] . Additional chemoterapy and/or radiotherapy is a piece of advice of treatment but the efficacy of them is still poor because they do not have standart protochols and they need further studies [4] .
Carcinosarcoma of lung is a rare tumor and its incidence is 0.1 to 0.4% of all lung malignancies [7] . In the literature, pulmonary carcinosarcoma was first described in 1908, that a complex tumor for diagnosis [8] . The World Health Organization (WHO) classification of 2015 identified carcinosarcoma as a subtype of sarcomatoid carcinoma and defined as malignant neoplasm composed of both malignant epithelial and mesenchymal elements [1, 9] . The most frequent epitheliel component is squamous carcinoma and sarcomatous compenent is rhabdomyosarcoma. Our two patients also had the two components just like the literature [8, 10] . In the literature, fewer than 20 cases are reported until 1995 [11] [12] [13] [14] . Ishida et al. [15] [1, 16] . Xu et al. [17] reported 48 cases and this is one of the largest series of the literature. They usually seen an average age of 60-year-old males of heavy smokers [8] . We have two male patients of 58 and 70 year ages and both of them were heavy smokers. Carcinosarcomas usually grow slowly and clinical symptoms depend on the location and size of the tumor. Complete resection of the tumor is the essential treatment. The role of chemotherapy is still very poor. Liang et al. [18] and Raveglia et al. [19] both reported failures of patients' survival. [7] The five year survival rate varies between 6-49.4% [1, 8] . According to Xu et al. [17] the 1-3 and 5-year survival rate was 77.1%, 49.5% and 22.7%. Our one patient is still alive for 52 months and free of disease, the other patient died within two months, but he was in the terminal level when diagnosed.
Undifferentiated pleomorphic arcoma, redefined by Fletcher in 2002, after the development of IHC techniques they examined more carefully. Before IHC, they diagnosed the cases as malignant fibrous histiocytoma [1, 20] . They are rare tumors, 0.1-0.4% of all lung malignancies [21] . They are high grade sarcomas and show progressive and rapid growth. Sarcomas have an aggresive clinical course, metastasis and recurrence incidance is high [22] . Surgical resection is gold standart for treatment, and we performed lobectomy to our patient. Palliative chemotherapy or radiotherapy may be used. Our patient had a small tumor of 2.1 cm diamater and there were no lymph node invasion, surgical margins were free of tumor, so he did not take chemoradiotherapy. 5-year survival of undifferentiated pleomorphic sarcoma is approximately 50% [22] . During the follow up of 33 months he had no metastasis or recurrence. Xu reported a 59-year-old woman with symptomatic right atrium metastasis of an undifferentiated pleomorphic sarcoma of lung. She diagnosed as stage 4 lung cancer of left upper lobe and she has undergone chemoradiotherapy. After a followed up of 4 years, she had been operated for atrial metastasis and follow up for two months without recurrence [22] . Goncalves et al [23] reported a 66-year-old man, diagnosed as undifferentiated pleomorphic sarcoma at the right upper lobe, he was treated with endobronchial tumor debulking by laser therapy and radiotherapy and survived over 11 years. Abreu et al [21] also reported a 74-year-old patient with a 7 cm lesion at right hemithorax.
Leiomyosarcoma, rarely arises in the lung, differantiated from smooth muscle and originated from pulmonary artery, bronchus or pulmonary parenchyma [6, 24, 25] . The tumor accounts 0.5% of the malignant tumors of lung [24] . Age range is wide, 5 to 76 years and our patient was 52-year-old. Most of the patients were asymptomatic and if symptom is present they are usually chest pain, hemoptysis and cough. The tumor can present with Pancoast tumor [25] . Our patient referred to our clinic with dyspnea and hemoptysis. The radiological features are nonspecific, tumor sizes varies from 1.7 to 10 cm diameter. Our patient had a 4 cm lesion at the left lower lobe with suspicious diaphragma invasion. [26] The earliest case was reported in 1907 by Davidsohn [24, 27] [2] 7 cases. Surgical resection is the best treatment option and lobectomy was performed with diaphragma resection. The surgical margins and lymph nodes were free of the tumor in our case. The tumor can make distance metastasis but it's uncommon, Young et al reported the thyroid metastasis after lobectomy [24, 29] . If an early and complete resection was performed, 5-year survival rate is reported as 50%. However the prognosis is usually poor, only a few patients lived 15 to 20 years, our patient died after 19 months from the progression of the tumor [24] .
Synovial sarcoma, is defined by the 2004 WHO classification and it is a mesenchymal spindle cell tumor which variably displays areas of cellular differentiation [6, 30, 31] . Cytogenetic studies showed a translocalation over chromosome 18 [32] . Histopathologically its divided as; biphasic, monophasic fibrous, monophasic epithelial, and poorly differantiated types. Our patient was diagnosed as biphasic synovial sarcoma [32, 33] . It is a rare tumor and only 0.1% of all resected malignant lung tumors, also 5-10% of all human soft tissue sarcomas [34] [35] [36] . They usually occurs in extremity, especially around the knee [37] [38] [39] . It is range is 3 to 84 years of age and slightly more frequent in woman [34] . The usual symptom is dyspnea, cough, chest pain, and hemoptysis similiar to the other tumors of the lung. The tumor was not encapsulated in at least 75% of reported cases just like our patient [6] . Niwa et al [40] reported a case that exhibits a polypoid endobronchial growth. Tumor size ranges between 0.6 to 17 cm and in our case it was 6.9 cm. Primary resection is the best treatment and lobectomy was performed in our patient. These tumors may infiltrate pleura, chest wall and mediastinum. Our patient had an invasion of diaphragma, pleura and muscular layer. Distance metastasis can also be seen. [31, 33, 38, 39] . The patient is in the first month of follow up, chemotherapy and radiotherapy is planned. The tumor is chemosensitive, adriamycin alone or in combination with ifosfamide remains the standart protochol. Radiotherapy is used for achieving excellent local control after surgery [37] . Metastasis and recurrence rates are low so 10-year survival can be seen, survival rates are between 1 month to 19 years [38] . High grade metastatic tumors are with poor diagnosis and 75% dead within two years. Poor prognostic factors are, tumor size over 5 cm, male sex, greater than 20 years of age, extensive tumor necrosis, neurovascular invasion and large number of mitotic figures [30] . Generally 5 year survival rate is 30-50% [30, 37] . Spontan regression of tumor without a treatment is also very rare and occur in 1 in 60,000 to 100,000 cases of all malignancies [43] . Tsunezuka et al reported a 38-year-old patient with spontaneous regression of tumor after transbronchial biopsi, 2 months after biopsi lobectomy performed to the patient but there were no tumor at the pathological examination [43] .
In conclusion primary sarcomas of the lung are very rare and aggresive malignancies. Clinically they cannot be differentieted from more common tumors of the lung and metastatic sarcomatous tumors. Early diagnosis and complete surgical resection before the tumor become larger and metastatical is critical for prognosis. Efficacy of chemotherapy and/or radiotherapy is still not clear so a multidisciplinary approach may be useful. Primary sarcomas of the lung must always been remembered for the differantial diagnosis of the other tumors and a complete resection should be performed immediately for better prognosis.
